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Claims 

1 . A photoredox method whereby the redox reaction is brought about by bringing 
semiconductor microparticles and a solution into contact and irradiating the reaction system with 
light, said photoredox method being characterized in that the semiconductor microparticles are 



2 



carried on the side surfaces of optical fibers, thus producing optical fibers with attached 
semiconductor microparticles, and after bringing said optical fibers with attached semiconductor 
microparticles into contact with a solution, the reaction system at the side surfaces of the optical 
fibers is irradiated with light that passes through said optical fibers. 

2. The photoredox method according to Claim 1, wherein said optical fiber is a step-index 
or graded-index optical fiber, and light is made to impinge on said optical fibers at an angle of 
incidence that is sUghtly greater than the [illegible] angle or aperture angle of said optical fiber. 



Detailed expl anation of the invention 
Industrial application field 

The present invention relates to a photoredox method that employs semiconductor 
microparticles and, in particular, relates to a photoredox method that has good efficiency. 



Prior art 

Research regarding microparticulate photocatalysts is experiencing rapid development. 
For example, there is a method whereby light energy is absorbed by semiconductor 
microparticles such as titanium oxide (TiO^) or cadmium sulfide (CdS), and the electrons or 
holes generated thereby are used in order to reduce water molecules (or protons), thereby causing 
the oxidation of water or organic substances (e.g.. Trigger, November 1983, pp. 47-53). 

Examples of past photoirradiation methods carried out in order to accelerate the reactions 
in the aforementioned photoredox methods include (1) methods involving the introduction of 
semiconductor microparticles and a solution into a beaker, flask or other such container, and 
subsequent irradiation of the material with light wherein the semiconductor microparticles have 
sedimented at the bottom of the container, (2) methods involving stirring the aforementioned 
reaction liquid in order to suspend the semiconductor microparticles in the solution, followed by 
inadiation of the material with light with the particles in this state, and (3) methods involving 
supporting the semiconductor microparticles on a porous glass body, and subsequent irradiation 
of the material with light with this material immersed in a solution (for example, see [illegible] 
Industry Association 1983 Letters No. 375-376 (H32)). 

Problems to be solved by the invention 

Among the aforementioned photoredox methods, the methods presented in (1) are 
low-efficiency methods in which effective catalyst is restricted to the catalyst at the surface on 
which light impinges. With the methods presented in (2), the light can be scattered by the 
catalyst microparticles and lost fi-om the system, or the solution itself can have characteristics 
whereby it absorbs or scatters light. In such case, there is the disadvantage that the efficiency is 
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poor, because irradiation with light cannot be effectively brought about. With the methods 
presented in (3), the catalyst that is irradiated with light is restricted to material near the surface 
of the porous body on which the light impinges, and as in (2), there is the disadvantage of poor 
efficiency when the solution itself has characteristics whereby it absorbs or scatters light. 

The present invention has the objective of offering a photoredox method that has better 
efficiency than conventional photoredox methods and, in particular, has the objective of solving 
problems with conventional methods in regard to stimulating reactions in solutions that have 
characteristics that cause them to absorb or significantly scatter hght. 

Means to solve the problems 

In order to solve the above problems, the present invention offers a photoredox method 
characterized in that semiconductor microparticles are supported on the side surfaces of optical 
fiber to produce optical fibers with attached semiconductor microparticles, and after bringing 
said optical fibers with attached microparticles into contact with a solution, light is made to 
irradiate the reaction system comprising the solution and the semiconductor microparticles via 
said optical fibers. 

The optical fibers used in the present invention can be made fi-om glass, plastic or any 
other material, and can have any fiber characteristics (step-form, graded or other) and any 
thickness (for example, materials of diameter 25 \xm to 1 mm). Preferred among these materials 
are optical fibers that have large scattering loss (leakage) of light due to morphology defects and 
a thickness that varies continuously, and optical fibers that have a difference in index of 
refraction between the center and periphery, and which also have large scattering loss (leakage). 

The semiconductor microparticles used in the preset invention are semiconductor 
microparticles that are active in terms of generating hydrogen from water-ethanol imder the 
influence of visible light. Examples include TiOj, SrTiOj, CdS, GaP, In203 and MoSj. Other such 
particles are semiconductor microparticles that are active in terms of redox reactions brought 
about by light. 

The method for supporting the semiconductor microparticles on the optical fiber can be a 
common fixing method, but among such methods, those are preferred whereby supporting of the 
material causes little attenuation of transmissive light that is used to irradiate the reaction system. 

In the present invention, light can be conducted into the reaction system via the optical 
fiber by making the light impinge upon the optical fiber. Examples of methods for bringing about 
impingement of light on the optical fiber that may be cited include (1) methods wherein light is 
made to impinge on the optical fiber at an angle that is close to the aperture angle of the optical 
fiber, and in particular, at an angle that is slightly larger than the aperture angle (effective when 
ordinary optical fiber is used for the optical fiber), and (2) methods wherein light is made to 



4 



impinge on the optical fiber at an appropriate angle (smaller than the aperture angle; effective 
when an optical fiber is used that has extremely high scattering loss). 

By means of the present invention, the surface area of the reaction system that can 
participate in the reaction is readily increased by increasing the number of optical fibers having 
affixed semiconductor microparticles that are loaded into the reaction vessel. 

The present invention is described in additional detail below. 

Application example 

First, special reagent-grade TiCU was hydrolyzed to produce 100 mL of TiO^ hydrosol 
solution with a concentration of 2.274 mol/L based on TiOz. 1 mol/L NH4OH solution was then 
added slowly to this solution while stirring in order to effect neutralization, and 2 mL of 1 wt% 
HiPtClfi-eHjO solution and 1 mL of 1 wt% RuClj-xH^O solution were added. Multiple strands of 
quasi-graded index GeOz-SiOj system optical fiber (1) having a core diameter of 150 nm, an 
external diameter of 200 nm, a length of 10 cm and an aperture angle of 15° were then immersed 
in this solution. Subsequently, said fiber (1) was removed from the solution, dried for 30 min at 
lOO'C, and thermally treated for 1 h at 500°C to produce optical fiber (3) with attached 
semiconductor particles. 

By this means, a coating composed of semiconductor microparticles was formed on the 
surface of said fibers at a thickness of 0.2-1 nm. 

Optical fibers (3) with attached semiconductor microparticles produced in this manner 
were used, and a photoredox device of the type shown in Figure 1 was produced by the following 
procedure. 

First, multiple optical fibers (3) having attached semiconductor microparticles produced 
by the above method were fixed at one end in the lid (4) of the reaction vessel so that 
air-tightness was maintained, and the fibers were allowed to hang. A gas discharge opening (5) 
was provided in the lid (4) in order to exhaust gas generated by the reaction system in the 
photoredox reaction. Then, the lid (4) having said optical fibers (3) was attached in an air-tight 
condition to a reaction vessel (8) having a solution discharge opening (7) and a solution 
introduction opening (6), and a 500 W high-pressure mercury lamp (9) and convex condensing 
lens (10) were installed above said reaction vessel. 

The attachment position with respect to the lid (4) of the optical fibers (3) having attached 
semiconductor microparticles, the location of the high-pressure mercury lamp (9) and the 
location of the condensing convex lens (10) were adjusted to produce positional relationships 
such that the light emanating from the mercury lamp (9) was incident on the optical fibers (3) 
with attached semiconductor microparticles at an angle of incidence that was slightly larger than 
the aperture angle of said fibers (15°). 
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Said photoredox device was used, and the reaction vessel (8) was filled with 250 mL of a 
30'C CH3OH-H2O mixed liquid (1 1) having a CH3OH concentration of 25 mol%. 
Simultaneously, the same mixed liquid was introduced from the solution introduction opening 
(6) at a rate of 25 mL/h, and discharge liquid was also similarly discharged from the solution 
discharge opening (7). When the high-pressure mercury lamp (9) was turned on, H2 gas was 
generated from the solution, and gas was collected at about 2000 mL/h (O'C, 1 atm) from the 
gas exhaust opening (5). 

The weight of the semiconductor microparticles supported on the fiber surface was 
hypothesized from the decrease in the amount of solution during production of the fibers (3) with 
attached semiconductor microparticles and the nimiber of fibers used in producing the device. 
The H2 gas generation efficiency was then calculated to be about 4000 mL/h g T1O2 (O'C, 1 atm). 

In this application example, the light generated by the mercury lamp was made to 
impinge upon the optical fibers (3) with attached semiconductor microparticles and fixed in the 
lid (4) and the angle of incidence was slightly larger than the aperture angle of the fiber. After 
traveling through the optical fiber, the light then impinged upon the semiconductor 
microparticles on the sides of the fibers. Thus, by means of this application example, the light did 
not pass through the solution in order to irradiate the semiconductor microparticles. In other 
words, there is no concern over absorption or scattering of light by the solution. Moreover, in this 
application example, the durability of the fiber surfaces is good because GeOj-SiOj system 
optical fiber was used for the fiber, and the fibers are thus extremely stable with respect to the 
photoredox solution. 

A conventional method is presented below using a comparative example in order to 
clarify the effects of the present invention. 

Comparative example 

A glass filter with an average pore diameter of 20-30 ^m was immersed in a 
Ti02-Pt-Ru02 hydrosol mixed solution produced in the same manner as in the application 
example, so that the pores were infiised with the mixed solution. The material was then dried and 
thermally treated in the same manner as in the application example, thus producing a glass 
porous material (12) with attached semiconductor microparticles. 

The glass porous material (12) with attached semiconductor microparticles produced in 
this manner was then packed into the type of photoredox device shown in Figure 2. In Figure 2, 
the reaction vessel (13) comprises a solution replenishment tank (14), a temperature gauge (15), a 
gas collection line (16), and a reaction liquid reservoir (17). The bottom surface area of the 
reaction liquid reservoir (17) is about 30 cm^ A Hg lamp (9) and lens (10) are provided to cause 
light to impinge from below on the bottom of the reaction liquid reservoir. 
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As in Application Example 1, the device was filled with 250 mL of a 30'C CH3OH-H2O 
mixed liquid having a [methanol] concentration of 25 mol%, and the bottom of the reaction 
liquid reservoir (17) was irradiated from below with light from a 500 W mercury lamp (9). As a 
result, 245 mL/h of gas was collected (OT, I atm). 

The weight of the semiconductor microparticles supported on the glass porous material 
was estimated based on parameters at the time of production of the device and the weight of the 
glass porous material with attached semiconductor microparticles packed into the reaction liquid 
reservoir. The H2 gas generation efficiency was calculated to be about 490 mL/h g TiOj (0*C, 
1 atm). 

The H2 gas production efficiency was 50 mL/h g Ti02 (OT, 1 atm) when 0.5 g of Ti02 
microparticles was used instead of the aforementioned glass porous material (12) with attached 
semiconductor microparticles and irradiation was carried out in the same manner using the same 
device. 

A stirring device was attached to the reaction liquid reservoir (17) of the aforementioned 
device, and when irradiation was carried out using the above 0.5 g of TiOj microparticles while 
stirring, the Hj gas generation efficiency was 16 mL/h g TiOj (OX, 1 atm). 

As is clear from the above comparative example, the high-efficiency redox reaction 
occurring in the application example was higher in efficiency than that of the conventional 
methods. 

Effect of the invention 

It is clear from the application example that the present invention provides a photoredox 
method whereby Hj is generated with better efficiency relative to conventional methods. In 
particular, by means of the present invention, photoredox is carried out with good efficiency, 
even when using a solution that causes significant scattering or a solution that has 
light-absorbing characteristics, which has caused poor efficiency in conventional methods in 
which photoredox has been carried out by passing light through the solution. 

Brief description of the figures 

Figure 1 is a schematic explanatory diagram of the photoredox device used for carrying 
out the photoredox method of the present invention. Figure 2 is a schematic explanatory diagram 
of a photoredox device used in order to carry out photoredox in a conventional method. 
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Glass porous material with attached semiconductor microparticles 
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